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Description 

WIRING SUBSTRATE AND ELECTRONIC 
PARTS PACKAGING STRUCTURE 

Background of the Invention 

1. Field of the Invention 

[0001] The present invention relates to a wiring substrate and an 
electronic parts packaging structure and, more particu- 
larly, a wiring substrate on which electronic parts are 
packaged by an ultrasonic flip-chip packaging and an 
electronic parts packaging structure in which the elec- 
tronic parts are packaged on the wiring substrate. 

2. Description of the Related Art 

[0002] | n t he related art, a wide variety of packaging methods are 
proposed as the flip-chip packaging that is being quickly 
spread as the representative high-density packaging 
method. As one of the flip-chip packaging method, there 
is the ultrasonic flip-chip packaging method. 

[0003] | n the ultrasonic flip-chip packaging method, as shown in 



FIG. 1A, first an electronic parts 106 having bumps 108 
thereon and a wiring substrate 100 having connection 
pads 104 on an insulating film 102 are prepared. Then, 
the bumps 108 on the electronic parts 106 picked up by 
the ultrasonic tool are arranged so as to oppose to upper 
surfaces of the connection pads 104 of the wiring sub- 
strate 100. Then, the bumps 108 on the electronic parts 
106 are bonded to the connection pads 104 of the wiring 
substrate 100 by applying the ultrasonic vibration in par- 
allel with the surface of the wiring substrate 100 in a state 
that the pressure is applied to the electronic parts 106. 
[0004] Meanwhile, in many cases the resin is used as the insulat- 
ing film 102 of the wiring substrate 100. As shown in 
FIG. IB, since the insulating film 102 made of resin is rela- 
tively soft, sometimes the connection pads 104 are 
pushed into the underlying insulating film 102 by the 
pressure or the ultrasonic vibration applied when the ul- 
trasonic flip-chip packaging is carried out, and are de- 
formed. Therefore, since an energy of the ultrasonic vi- 
bration is not sufficiently transmitted as the energy to 
bond the bumps 108 on the electronic parts 106 and the 
connection pads 104 of the wiring substrate 100, such a 
problem exists that it becomes difficult to bond the 



bumps 108 and the connection pads 104 with good relia- 
bility. 

[0005] Also, in the ultrasonic flip-chip packaging, the ultrasonic 
vibration has such a characteristic that its energy is ready 
to transfer to the center portion of the electronic parts 
106 rather than both end portions. Therefore, the bond- 
ing characteristic of the bump 108 and the connection 
pad 104 is varied between the center portion and both 
end portions of the electronic parts 106, and thus reliabil- 
ity of the bonding is lowered in some cases. 
Summary of the Invention 

[0006] it is an object of the present invention to provide a wiring 
substrate capable of packaging electronic parts by an ul- 
trasonic flip-chip packaging not to cause any problem, 
and an electronic parts packaging structure in which the 
electronic parts are packaged on the wiring substrate. 

[0007] The present invention is associated with a wiring sub- 
strate in which a bump of an electronic parts is bonded to 
a connection pad of the wiring substrate, which has a 
structure in which a wiring pattern including the connec- 
tion pad is provided on an insulating film, by an ultrasonic 
flip-chip packaging, wherein a via hole into which a via 
post acting as a strut to support the connection pad upon 



the ultrasonic flip-chip packaging is filled is arranged in 
the insulating film under the connection pad. 

[0008] As described above, in the case that the insulating film of 
the wiring substrate is made of soft resin, the connection 
pad eats into the insulating film and is deformed readily 
when the bump of the electronic parts is bonded to the 
connection pad on the wiring substrate by the ultrasonic 
flip-chip packaging. Therefore, si nee the energy of the ul- 
trasonic vibration is not effectively transferred as the 
bonding energy, the flip-chip bonding of high reliability 
cannot be achieved. 

[0009] | n the present invention, the via holes in which the via 

post is filled are arranged under the connection pads that 
are pushed by the bumps of the electronic parts upon the 
ultrasonic flip-chip packaging. Therefore, since the via 
posts under the connection pads function as the strut, in- 
trusion of the connection pads into the insulating film can 
be prevented even if the connection pads are pushed 
against the underlying insulating film side upon the ultra- 
sonic flip-chip packaging. 

[0010] Therefore, since the ultrasonic vibration can be trans- 
ferred effectively as the energy used to bond the bumps 
of the electronic parts and the connection pads of the 



wiring substrate, the electronic parts can be connected to 
the wiring substrate with good reliability. 
[001 1] Alternately, in place of arrangement of the via holes under 
the connection pads, the similar via holes may be ar- 
ranged under the wiring patterns that are connected to 
the connection pads in the position within 200 urn from 
the connection pad. In this case, similarly intrusion of the 
connection pads into the insulating film can be prevented 
and the bumps of the electronic parts can be connected to 
the connection pads on the wiring substrate with good re- 
liability. 

[° 012 ] In this case, In Patent Application Publication (KOKAI) 

2002-198461 (Patent Literature 1), the structure in which 
the via holes 17 are formed in portions of the core sub- 
strate 13, which correspond to the external connection 
terminal pads 16 on which the solder ball 15 is mounted 
in the plastic package, and then the solder resist film 14 
is filled in the via hole 17 is set forth. However, the bumps 
of the electronic parts are not bonded to the external 
connection terminal pads 16 in Patent Literature 1, and 
also the solder resist film 14 filled in the via hole 17 does 
not function as the strut. As a result, Patent Literature 1 
does not suggest the present invention at all. 



[0013] | n one preferred mode of the above present invention, the 
via hole is a dummy via hole and a normal via hole may be 
arranged separately under a predetermined portion of the 
wiring pattern connected to the connection pad. Also, the 
wiring substrate has a plurality of connection pads, a plu- 
rality of via holes associated with the plurality of connec- 
tion pads are arranged in a state that a dummy via hole 
and normal via holes are arranged mixedly, and a normal 
via hole is arranged separately under a predetermined 
portion of the wiring pattern connected to the connection 
pad, in the wiring pattern in which the dummy via hole is 
arranged under the connection pad or the wiring pattern. 

[0014] That is, if the normal via hole is arranged in a position 

that is away from the connection pad in excess of 200 um 
by the design rule, such normal via hole does not suffi- 
ciently function as the strut to prevent the intrusion of the 
connection pad into the insulating film, and thus it is pos- 
sible that the connection pad eats into the insulating film. 
Therefore, the dummy via hole is arrange separately from 
the normal via hole as the strut under the connection pad 
or the wiring pattern in a position within 200 um from the 
connection pad. 

[0015] Also, in one preferred mode of the above present inven- 



tion, the wiring substrate has a plurality of connection 
pads corresponding to a plurality of bumps of the elec- 
tronic parts, and a plurality of via holes associated with 
the plurality of connection pads, and a diameter of the via 
holes formed in portions corresponding to both end por- 
tions of the electronic parts is set larger than a diameter 
of the via hole formed in a portion corresponding to a 
center portion of the electronic parts, in an oscillation di- 
rection of an ultrasonic wave applied when the electronic 
parts is packaged onto the wiring substrate by the ultra- 
sonic flip-chip packaging. 
[0016] since the ultrasonic vibration tends to transfer largely to 
the center portion of the electronic parts rather than both 
end portions, the bonding characteristic is varied between 
the center portion and both end portions of the electronic 
parts and thus the bonding of high reliability cannot be 
performed. In one preferred mode of the wiring substrate 
of the above present invention, the diameter of the via 
holes corresponding to both end portions of the electronic 
parts is set larger than the diameter of the via hole corre- 
sponding to the center portion of the electronic parts. 
Therefore, the connection pads connected to the bumps 
at both end portions of the electronic parts have a larger 



withstanding force against the pressure or the ultrasonic 
vibration applied by the ultrasonic flip-chip packaging 
than the connection pad at the center portion. 
[0017] Therefore, since the ultrasonic vibration can be trans- 
ferred sufficiently to both end portions of the electronic 
parts upon the ultrasonic flip-chip packaging, the energy 
of the ultrasonic vibration can be transferred uniformly to 
the overall electronic parts. As a result, since the bumps 
of the electronic parts can be bonded to the connection 
pads of the wiring substrate with good reliability as a 
whole, yield of production of the electronic parts packag- 
ing structure in which the electronic parts are packaged 

onto the wiring substrate la can be improved. 
Brief Description of the Drawings 

[0018] FIGS.1A and IB are sectional views showing the problem 
caused when electronic parts are packaged on a wiring 
substrate by an ultrasonic flip-chip packaging in the re- 
lated art; 

[0019] FIG. 2 is a sectional view showing a wiring substrate of a 
first embodiment of the present invention; 

[0020] FIG. 3 is a sectional view showing a behavior of packaging 
the electronic parts on the wiring substrate of the first 
embodiment of the present invention; 



[0021] FIG. 4 is a sectional view showing a wiring substrate of a 
second embodiment of the present invention (a sectional 
view taken along a l-l line in FIG. 5); 

[0022] FIG. 5 is a plan view when viewed from the top in FIG. 4; 
and 

[0023] FIG. 6 is a sectional view showing a wiring substrate of a 

third embodiment of the present invention. 
Detailed Description of the Preferred Embodiments 

[0024] Embodiments of the present invention will be explained 

with reference to the accompanying drawings hereinafter. 
(First Embodiment) 

[0025] FIG. 2 is a sectional view showing a wiring substrate of a 
first embodiment of the present invention. In a wiring 
substrate 1 in the first embodiment of the present inven- 
tion, through holes 10a are provided in an insulating base 
substrate 10, and a through electrode 10b is filled in the 
through hole 10a. Then, first wiring patterns 12 con- 
nected to the through electrode 10b respectively are 
formed on the base substrate 10. 

[0026] An interlayer insulating film 14 made of resin is formed 
on the base substrate 10 and the first wiring patterns 12. 
Also, via holes 14a to 14d are formed in predetermined 



portions of the interlayer insulating film 14 on the first 
wiring patterns 12, and a via post 11 is filed in the via 
holes 14a to 14d respectively. In addition, second wiring 
patterns 12a connected to the via post 11 respectively are 
formed on the interlayer insulating film 14. The first and 
second wiring patterns 12, 12a, the through electrode 
10b, and the via post 11 is made of metal such as copper 
(Cu), or the like. 

[0027] | n this manner, the first wiring patterns 12 and the second 
wiring patterns 12a are connected mutually via the via 
holes 14a to 14d formed in the interlayer insulating film 
14. The second wiring pattern 12a has a connection pad P 
that is formed by applying Ni/Au plating onto the Cu 
wiring. A bump of the electronic parts is bonded to the 
connection pad P by the ultrasonic flip-chip packaging. 

[0028] one feature of the wiring substrate of the first embodi- 
ment of the present invention resides in that, when the 
bumps of the electronic parts are bonded to the connec- 
tion pads P on the wiring substrate 1 by the ultrasonic 
flip-chip packaging, the connection pad P is prevented 
from being pressed into the soft interlayer insulating film 
14 by the pressure application. 

[0029] Therefore, in the wiring substrate 1 of the first embodi- 



ment, the via holes 14a to 14d in which the via post 11 is 
filled respectively are positioned under the second wiring 
pattern 12a formed under or near the connection pad P. 

[0030] since the via holes 14a to 14d are arranged under the 

second wiring pattern 12a just under the connection pad P 
or within a 200 urn from the connection pad P respec- 
tively, the via post 11 in the via holes 14a to 14d function 
as the strut so that the connection pads P can withstand 
the pressure or the ultrasonic vibration applied in the ul- 
trasonic flip-chip packaging. As a result, it can be pre- 
vented upon the ultrasonic flip-chip packaging that the 
connection pads P are pressed into the interlayer insulat- 
ing film 14 and are deformed. 

[0031] | n the example in FIG. 2, out of the via holes 14a to 14d 
formed in the interlayer insulating film 14, the via holes 
14a to 14c depicted by the hatching are the normal via 
holes constituting a desired circuit, while the via hole 14d 
depicted by the cross-hatching is arranged as a dummy 
via hole. That is, in an area indicated as a C portion, since 
the connection pad P is arranged apart from the via hole 
14c arranged under a normal design rule in excess of 200 
um, the dummy via hole 14d is arranged under the con- 
nection pad P. An extended pad 12x that is formed by ex- 



tending partially the first wiring pattern 12 in the C por- 
tion is arranged under the dummy via hole 14d and acts 
as an etching stopper layer upon forming the via hole. In 
place of the extended pad 12x, a pad that is separated 
from the first wiring pattern 12 may be formed. 

[0032] | n contrast, in an area indicated as a B portion, since the 
via hole 14b is arranged in the position within 200 um 
from the connection pad P, the normal via hole 14b func- 
tions as the strut of the connection pad P and thus no 
dummy via hole is formed. Also, in an area indicated as an 
A portion, the normal via hole 14a is arranged just under 
the connection pad P to function as the strut, there is no 
necessity to arrange the dummy via hole. 

[0033] | n this case, in the case that the design rule to arrange all 
the normal via holes within 200 urn from the connection 
pad P is applied, there is no necessity to form the dummy 
via hole because the normal via holes function as the 
struts to support the connection pads P. Otherwise, in the 
case that the design rule to arrange all the normal via 
holes beyond 200 um from the connection pad P is ap- 
plied, the above-mentioned dummy via hole is formed ev- 
ery connection pad P. 

[0034] in this manner, the wiring substrate 1 of the present em- 



bodiment is constructed and the bumps of the electronic 
parts are bonded to the connection pads P of the wiring 
substrate 1 by the ultrasonic flip-chip packaging. 

[0035] Next, a method of packaging the electronic parts onto the 
wiring substrate 1 by the ultrasonic flip-chip packaging 
will be explained hereunder. As shown in FIG. 3, first an 
electronic parts 20 (semiconductor chip, or the like) hav- 
ing (Au) bumps 18 is prepared. Then, the electronic parts 
20 is picked up by an ultrasonic tool 22. Then, the elec- 
tronic parts 20 is arranged on the wiring substrate 1 in 
such a manner that the bumps 18 of the electronic parts 
20 face to the connection pads P of the wiring substrate 1. 

[0036] Then, the ultrasonic vibration is applied in parallel with a 
surface of the wiring substrate 1 while pressurizing the 
electronic parts 20 to the wiring substrate 1 side. Accord- 
ingly, the (Au) bumps 18 of the electronic parts 20 are 
bonded to the connection pads P (whose uppermost layer 
is formed of an Au layer) of the wiring substrate 1. 

[0037] At this time, as described above, since the via holes 14a, 
14b, 14d in which the via post 11 is filled to function as 
the strut respectively are present under the second wiring 
patterns 12a under or near respective connection pads P 
of the wiring substrate 1, it can be prevented that the 



connection pads P eat into the interlayer insulating film 14 
owing to the pressure or the ultrasonic vibration applied 
by the ultrasonic tool 22. 

[0038] Therefore, the energy of the ultrasonic vibration is not 
consumed as the energy to cause the connection pads P 
to eat into the interlayer insulating film 14, and is trans- 
mitted as the energy to bond the bumps 18 of the elec- 
tronic parts 20 and the connection pads P of the wiring 
substrate 1. As a result, the bumps 18 of the electronic 
parts 20 and the connection pads P of the wiring substrate 
1 can be bonded with good reliability. 

[0039] Also, the wiring substrate 1 of the present embodiment is 
convenient from such an aspect that the damage to the 
electronic parts 20 can be reduced as much as possible 
when the electronic parts 20 are packaged by the ultra- 
sonic flip-chip packaging. 

[0040] | n this way, as shown in FIG. 3, an electronic parts packag- 
ing structure 2 in which the bumps 18 of the electronic 
parts 20 are bonded to the connection pads P of the 
wiring substrate 1 respectively can be obtained. 

[0041] | n this case, in the foregoing mode, the mode in which the 
ultrasonic flip-chip packaging is applied to the Au-Au 
bonding is exemplified. But the present invention may be 



applied a variety of metal bondings such as Au-Cu bond- 
ing, Au-AI bonding, bonding between tin-silver 

(Sn-Ag)-based lead(Pd)-free solder and Cu, or the like. 
(Second Embodiment) 

[0042] FIG. 4 is a sectional view showing a wiring substrate of a 
second embodiment of the present invention 
(corresponding to a sectional view taken along a l-l line in 
FIG. 5). FIG. 5 is a plan view when viewed from the top in 
FIG. 4. As described above, in the ultrasonic flip-chip 
packaging, the ultrasonic vibration has such a characteris- 
tic that its energy is ready to transfer to the center portion 
of the electronic parts rather than both end portions. 
Therefore, the bonding characteristic is varied between 
the center portion and both end portions of the electronic 
parts, and thus reliability of the bonding is degraded in 
some cases. 

[0043] The second embodiment is such a mode that is created to 
have the similar advantages as the first embodiment and 
to overcome the above-mentioned subject. In FIG. 4, the 
same reference symbols are affixed to the same elements 
as the first embodiment and their explanation will be 
omitted herein. 

[0044] a s shown in FIG. 4, in a wiring substrate la of the second 



embodiment, the via holes 14a to 14c into which the via 
post 11 is filled respectively are arranged in the interlayer 
insulating film 14 under the connection pads P of the sec- 
ond wiring pattern 12a, based on the similar technical 
idea to the first embodiment. In the example in FIG. 4, in 
order to simplify the explanation, a mode in which the via 
holes 14a to 14c are arranged under the connection pads 
P respectively is exemplified. In this case, as explained in 
the first embodiment, such a mode may be employed that 
contains the portion in which the via hole is formed under 
the second wiring pattern 12a within 200 urn from the 
connection pad P. Also, the via holes 14a to 14c may be 
provided to contain the dummy via hole, and only the 
normal via holes may be provided as a whole. 
[0045] Now, attention is paid to diameters of the via holes 14a to 
14c. As shown in FIG. 5, a diameter Rl of the via holes 
14a, 14c arranged under the connection pads P (the A 
portion and the C portion), to which the bumps provided 
to both end portions of the electronic parts are bonded, is 
set larger than a diameter R2 of the via hole 14b arranged 
under the connection pad P (the B portion) to which the 
bump provided to the center portion of the electronic 
parts is bonded. 



[0046] That is, although shown schematically in the examples in 
FIG. 4 and FIG. 5, a plurality of via holes 14a, 14b, 14c,..., 
connected to a plurality of connection pads P of the wiring 
substrate la are arranged such that the diameter of the 
via hole is set smallest at the center portion and then is 
increased sequentially or in unit of a predetermined area 
toward both end side from the center portion along the 
oscillation direction of the ultrasonic wave applied when 
the electronic parts is packaged. 

[0047] | n t he case that the bumps of the electronic parts are 

bonded to the connection pads P of the wiring substrate 
la in FIG. 4 and FIG. 5 by the ultrasonic flip-chip packag- 
ing, when the oscillation direction of the ultrasonic wave 
is set in the direction shown in FIG. 5, the ultrasonic vibra- 
tion tends to transfer largely to the center portion of the 
electronic parts rather than both end portions. Therefore, 
since the center portion of the electronic parts is bonded 
at first and then both end portions of the electronic parts 
are bonded, disadvantages such as destruction of the 
bonding in the center portion during when both end por- 
tions are bonded, etc. are generated and thus reliability of 
the bonding is ready to degrade. 

[0048] However, in the wiring substrate la of the present em- 



bodiment, as described above, the diameter Rl of the via 
holes 14a, 14c arranged under the connection pads P at 
both end portions (the A portion and the C portion) is set 
larger than the diameter R2 of the via hole 14b arranged 
under the connection pad P at the center portion (the B 
portion). Therefore, the connection pads P at both end 
portions has a larger withstanding force against the pres- 
sure or the ultrasonic vibration than the connection pad P 
at the center portion. 

[0049] Therefore, the ultrasonic vibration can be transferred suf- 
ficiently to both end portions of the electronic parts upon 
the ultrasonic flip-chip packaging. As a result, uneven- 
ness of the energy transfer of the ultrasonic vibration can 
be improved. In this manner, since the energy of the ul- 
trasonic vibration can be transferred uniformly to the 
overall electronic parts, the bumps of the electronic parts 
can be bonded to the connection pads P of the wiring 
substrate la with good reliability as a whole. 

[0050] As a consequence, yield of production of the electronic 

parts packaging structure in which the electronic parts are 

packaged onto the wiring substrate la can be improved. 
(Third Embodiment) 

[0051] FIG. 6 is a sectional view showing a wiring substrate of a 



third embodiment of the present invention. In the first 
embodiment, the mode in which the dummy via hole is 
formed under the connection pad of the wiring substrate 
is exemplified. For convenience of the circuit design of the 
wiring substrate, the case where the dummy via hole can- 
not be formed under the connection pads is supposed. 
The third embodiment is provided to consider such case, 
and such a mode is provided that the dummy via hole is 
formed not to be connected electrically to the connection 
pad. 

[0052] a s shown in FIG. 6, in a wiring substrate lb of the third 
embodiment, like the first embodiment, first the base 
substrate 10 having the structure in which a through elec- 
trode 10b is filled in the through hole 10a and then the 
first wiring pattern 12 is connected to the through elec- 
trode 10b is prepared. In the third embodiment, such a 
mode is exemplified that a first wiring pattern 12y 
(cross-hatched portion in the C portion) connected to 
other connection pad is arranged under the portion at 
which the dummy via hole 14d is arranged in the first em- 
bodiment. Therefore, if the dummy via hole that is con- 
nected electrically to the connection pad P (the C portion) 
is arranged on the first wiring pattern 12y (the cross- 



hatched portion in the C portion), the short circuit is 
caused between the circuits on the wiring substrate lb. 
[0053] For this reason, in the present embodiment, a post 13 
having a height that is lower than a film thickness of the 
interlayer insulating film 14 is formed selectively on the 
first wiring pattern 12y (the cross-hatched portion). For 
example, the post 13 is made of the same material as the 
first wiring pattern 12 and is formed by the subtractive 
process, the semi-additive process, or the like after the 
first wiring pattern 12 is formed. Alternately, hard insula- 
tor such as a silicon oxide film, or the like may be formed 
as the post 13. 

[0054] Then, a resin film is pasted on the first wiring pattern 12 
and the post 13, and then an interlayer insulating film 14 
is formed by heat-treating. At this time, the post 13 is in 
the state where an upper surface is buried in the interlayer 
insulated film 14. 

[0055] Then, the via holes 14a to 14c similar to the first embodi- 
ment are formed by processing predetermined portions of 
the interlayer insulating film 14 on the first wiring pattern 
12 by means of the laser, or the like. Then, the second 
wiring patterns 12a having the connection pads P similar 
to the first embodiment are formed on the interlayer insu- 



lating film 14. 

[0056] Accordingly, the post 13 is arranged under the connection 
pad P in the C portion via the interlayer insulating film 14. 
Since a top surface of the post 13 is buried in the inter- 
layer insulating film 14 and thus the post 13 is not con- 
nected electrically to the connection pad P, there is no 
possibility that the short circuit is caused between the cir- 
cuits on the wiring substrate lb. 

[0057] when constructed in this manner, substantial hardness of 
the underlying portion of the connection pad P is in- 
creased because the post 13 is harder than the interlayer 
insulating film 14. Therefore, when the electronic parts 
are packaged on the wiring substrate lb by the ultrasonic 
flip-chip packaging, the intrusion of the connection pad P 
into the interlayer insulating film 14 can be prevented. 

[0058] as a result, like the first embodiment, it can be prevented 
that the connection pads P are pressed into the interlayer 
insulating film 14 by the pressure or the ultrasonic vibra- 
tion applied by the ultrasonic flip-chip packaging, and 
also the electronic parts can be connected to the wiring 
substrate lb with good reliability. 



